"Bacuri" pulp was evaluated for volatile compounds, rheological behavior, and cytochemical analysis. The pulp was also submitted to physicochemical characterization. The effect of temperature on rheological behavior of whole "bacuri" pulp was investigated in this work. The rheological measurements were carried out using a Brookfi eld Rheometer (Model DV-II +) at shear rate range from 0.25 to 1.50 s -1 at temperatures of 30, 40, 50, 60 and 70 °C. A total of 36 compounds were detected in the headspace of the "bacuri" pulp -34 of which were identifi ed. The major compounds were the following: linalool, cis-linalool, trans-linalool oxide, and hotrienol, respectively. The experimental data was adjusted using a power law rheological model, with good agreement. "Bacuri" pulp shows a non-Newtonian behavior, with an apparent viscosity decreasing with increasing temperature. The "bacuri" pulp obtained activation energy at shear rate 1.50 s -1 was -14.03 kJ/mol.
INTRODUCTION
Fruit juice consumption has increased over the last decades in Europe. In 1998, fruit juice consumption was 9.5 × 10 9 L and increased to 11 × 10 9 L in 2007, meaning an average per capita consumption of 23.7 L. Consumption is expected to grow further by 1.5 % annually, reaching 13.5 × 10 9 L by 2012. Due to increasing consumer interest in a healthier lifestyle, fruit juice consumption outlooks are forecasted to be favorable. Orange and apple juice remain the most important fruit juices consumed in Europe, representing, in 2007, 40 .5 % and 18.1 % of the fruit juice market, respectively. Besides a steady growth in the consumption of 'traditional' fruit juices, in recent years there has been an increasing demand for innovative fruit juices with novel and exotic fruit combinations. Introductions of novel beverages with tropical fl avors increased between 2003 and 2007 . Concrete examples are increased fruit juice introductions containing açaí, acerola and guaraná (SABBE, VERBEKE and DAMME, 2009).
Platonia insignis Mart. belongs to the family Clusiaceae and is commonly known as "bacurizeiro". It is a fruit-bearing and timber tree species originating from the Brazilian Eastern Amazon, more precisely in the state of Pará. It is found in all states of Brazil's North region and in the states of Mato Grosso, Maranhão and Piauí ( Van den BERG, 1993) .
The fruit of the "bacurizeiro", named "bacuri", is a berry of large and variable size. The edible part, called the pulp, is white, and has a pungent odor and a slightly sweet fl avor. It is what makes the "bacuri" one of the fruits that can be marketed both for raw consumption and for the production of refreshments, nectar, jelly, candy sweet paste and others (CLEMENT and VENTURIERI, 1990) .
Despite being highly appreciated in the regions where they are grown, "bacuri" pulp may face diffi culties in the process of industrialization, due to its high consistency and high adhesion to the seed, making their products very thick and diffi cult to be marketed within the standards of the Brazilian Legislation (AQUINO, 2008) .
Several factors such as temperature (VITALI and RAO, 1984) , concentration of total soluble solids (RAO, 1977; HERNANDEZ et al., 1995) and particle size (TANGLERTPAIBUL and RAO, 1987; AHMED, SHIVHARE and RAGHAVAN, 2000) affect the rheological behavior of the fruit's pulp. Namely its creaminess, succulence, softness, suavity and hardness.
According to Ibarz and Barbosa-Cánovas (1999) , the importance of understanding the rheological behavior of fruit by-products is in its usage for measuring quality, aside from being indispensable for projects and for the evaluation and operation of food processor equipment. It is also vital in saving energy, which nowadays has become extremely important as operations involving the exchange of heat and mass transfer.
For non-Newtonian fl uids, the term viscosity is replaced by apparent viscosity and is a function of the velocity gradient (VIDAL, 2000):
(Eq. 1) where: η ap = the apparent viscosity (PA.s), τ = the shear stress (Pa), γ = the shear rate (s -1 ).
Among the group of pseudoplastic fl uids, one fi nds that most of them exhibit non-Newtonian behavior. These are fl uids that are independent of time, without residual stress, which start to drain away under the action of infi nitesimal shear stress (VIDAL, 2000). Many food-based fl uids exhibit pseudoplastic behavior and are characterized by the Ostwald-De-Waele model (Power law model) (STEFFE, 1996) :
or log 10 τ = log 10 K + nlog 10 γ (Eq. 2)
where: K = the consistency coeffi cient (Pa.s), n = the fl ow behavior index (dimensionless), γ = the shear rate (s -1 ); τ = the shear stress (Pa).
When dividing equation 2 by the shear rate (log 10 γ), the result is an equation that governs the apparent viscosity of pseudoplastic fl uids (eq. 3):
In this case, the apparent viscosity of the fl uid decreases as the shear stress increases. If, in equation 2, the rheological (fl ow) behavior index n is <1, the fl uid is considered pseudoplastic.
The volatiles are responsible for the characteristic aroma of food, as well as of fruit pulps and their nectars. The composition of volatile compounds in food is very complex because it consists of a large number of organic substances, in addition to which they are also present in very small concentrations (mg/L or μg/L). The volatile compounds that contribute to the fl avor of the fruit can vary according to the ripening stage, cultivation and climatic conditions, among other things (WILLER, YUSSEFI-MENZLER and SORENSEN, 2008).
The dynamic headspace technique, Aroma Extraction Dilution Analysis (AEDA) was used for extraction of volatile compounds of "bacuri", showing that linalool and methyl hexanoate are primarily responsible for the aroma of the fruit (FRANCO, 2003) .
The aim of this work was to investigate the volatile composition, rheological behavior, and cytochemical analysis of the "bacuri" pulp.
MATERIAL AND METHODS

SAMPLE PREPARATION
"Bacuri" fruit was kindly provided by the Empresa Brasileira de Pesquisa Agropecuária Meio-Norte (Embrapa -Brazilian Agricultural Research Corporation), located in Teresina in the state of Piauí. The depulping process was carried out using an ITAMETAL model 0.25 df bonina depulper, with a stainless steel sieve containing 0.058 inch diameter holes. The pulp obtained was wrapped in polyethylene bags that were sealed in a SULPACK SP-350 machine, and fi nally frozen in a freezer at a temperature of -20 °C. 
VOLATILE COMPOUNDS ANALYSIS
Volatile compounds were isolated by using solidphase microextraction (SPME) method. 
RHEOLOGICAL MEASUREMENTS
The rheological behavior was measured in a Brookfi eld rheometer (Model DV-II +) of concentric cylinders with a small sample adaptor (13 mL) and SC4-29 spindle. The Thermosel Brookfi eld accessory was attached to the rheometer to adjust the sample temperature at a range of 30 °C to 70 °C. The sample was not reused between the temperatures due to the change in rheological properties. For each test, the samples were held for 15 minutes in order to reach the desired temperature.
The shear rate range used (0.25; 0.50; 0.75; 1.00; 1.25 e 1.50 s -1 ) was determined by performing preliminary tests in which the range that did not show any incorrect readings in all of the measurements was selected.
Experimental data was obtained using WINGATHER32 software, version 2.5 (BROOKFIELD, 2010) where measurements were made in triplicate every 60 seconds, resulting in a total of 75 points. This data was submitted for adjustment by the power law rheological model, using Software Origin 6.0. Statistical parameters Chi-Square (χ²) and regression coeffi cient (R²) were determined. It was also measured the following parameters: fl ow behavior index (n), fl ow consistency index (k), and the standard deviation (SSR). The values of n and k were submitted to variance analysis (ANOVA) and the Tukey HSD (Honestly Signifi cant Difference) test, up to a 5 % level of probability using the Statistica program (STATSOFT, 2004) .
Aside from determining apparent viscosity, the effect of temperature on the apparent viscosity of the "bacuri" pulp, with a constant shear rate (1.50 s -1 ), was described by the Arrhenius Equation.
CYTOCHEMISTRY ANALYSIS
The pulp was fi xed in a solution of 4 % paraformaldehyde and 1 % glutaraldehyde in a sodium phosphate buffer of 0.02 M at pH 7.2 (KARNOVSKY, 1965) for 24 hours at room temperature. After being fi xed, the material was dehydrated in a graded series of ethanol concentrations and then soaked in Historesin (Historesin Embedding Kit -Jung). Incisions of 3-4 μm were made using an automatic microtome Leica RM 2065. These samples were submitted to cytochemical coloring of toluidine blue (AT) 0.025 % at pH 4.0 as a metachromatic pigment to detect anionic radicals (VIDAL, 1977) . Incisions were examined under a NIKON photomicroscope. Table 1 shows the chemical composition of "bacuri" pulp. The moisture content found in this study was 78.79 g/100 g -1 , almost identical to the value of 78.4 g/100 g -1 reported by Santos (1988) , who has also analyzed "bacuri" fruits originating from the Mid-North Region.
RESULTS AND DISCUSSION
The average levels of protein and ash found in "bacuri" pulp were 1.31 and 0.38 g/100 g -1 respectively (Table 1) . These results were lower than those found in the literature (SANTOS, 1988) . The ether extract given was of 1.46 g/100 g -1 of pulp (Table 1) , which is lower than the values reported by Santos (1988) and Lima (2007) , with values of 1.9 and 2.9 g/100 g -1 , respectively. The average value of 19.87 ºBrix of Total Soluble Solids (TSS) found was very close to those reported by Santos (1988) (1996) , in the book Frutales y hortaliças promissoras de la Amazônia (Promising fruit and vegetables from the Amazon), reported only 0.12 g/100 g -1 . The content of hemicellulose and cellulose + lignin was 1.67 g/100 g -1 and 2.59 g/100 g -1 , respectively. The Water Activity (WA) of "bacuri" pulp was 0.983, which is consistent with the value of 0.985 determined by Bezerra (2004).
The "bacuri" pulp had a pH of 3.56, with an acidic character, like most fruits, due to the presence of organic acids. The quantities of the volatile compounds isolated from "bacuri" pulp are reported in Figure 1 and Table 2 . Thirty-six compounds were detected in the headspace of the "bacuri" pulp, 34 of which were identifi ed through GC/MS and retention indices data. The "bacuri" pulp showed relatively higher quantities of linalool, cis-linalool, trans-linalool oxide, and hotrienol.
Boulanger, Chassagne and Crouzet (1999) reported the presence in higher quantities of oxygenated and hydrocarbon terpenes and, to a lesser degree, aldehydes in "bacuri" pulp during heating. More particularly, linalool, linalool furanoxides, R-terpineol, hotrienol, nerol oxide, nerol, and geraniol were isolated in more important quantities. Villachica et al. (1996) reports the presence of signifi cant amounts of linalool, a substance responsible for the fl avor and aroma of "bacuri", and also the presence of 2-heptanone and cis-3-hexenyl acetate, which promotes an additional effect on the aroma of the pulp "bacuri".
FIGURE 1 -THE GC-MS TOTAL ION PEAKS MAP OF VOLATILE COMPONENTS IN "BACURI" PULP
Alves and Jennings (1979) identifi ed by simultaneous distillation-extraction (SDE) 12 volatile compounds with a predominance of linalool and its cis and trans oxides. Among the 12 compounds found, and linalool showed high levels heptones 2-and 3-hexenyl acetate showed low concentrations. However, these were considered responsible for the fl avor of "bacuri".
Rheological parameters obtained by adjusting the power law model for the "bacuri" pulp in the temperature range are shown in Table 3 .
The model described properly the rheological behavior of the "bacuri" pulp throughout the entire temperature range studied, where the determination coeffi cient (R²) for all formulations was superior to 0.97, independent of the temperature and chi-square values (χ²) approaching zero. This indicates that the values predicted by the model are close to those of the tested values, because the χ² value reveals in what measure the values obtained are different from those expected.
The fl ow behavior index (n) showed lower values than the unit, indicating pseudoplastic behavior for all studied temperatures. A signifi cant difference was found (P < 0.05) between the variables of the fl ow consistency index (k) and the fl ow behavior index (n), measured separately, where one could observe a tendency for reduced consistency and increased pseudoplasticity of the fl uid as temperature increased. Similar behaviors were observed in research done by Haminiuk et al. Figure 2 shows the behavior of the "bacuri" pulp as from the relationship between shear stress versus shear rate in different temperatures.
FIGURE 2 -POWER LAW MODEL FITTED TO THE WHOLE "BACURI"
Marked dots represent the average value of the experimental data of the rheograms, while the continuous lines are the result of adjustments by the power law fl uid model. The aggregation of dots demonstrates non-random behavior, with distribution without dispersion, making the rheological model representative for defi ning the generic behavior from the experimental dots, as quoted before.
The shear stress profi le at 40 °C probably caused an effect on the pulp´s soluble pectic fraction, making the sample fi rmer and more uniform, and consequently exhibiting a higher shear stress profi le. From a temperature of 50 °C and upwards, samples showed a gradual reduction in shear stress as the temperature increased. This decrease in shear stress can probably be explained by the structural collapse of the pulps molecules (ALPARSLAN and HAYTA, 2002; RAO, 1977) . Figure 3 shows apparent viscosity versus shear rate of "bacuri" pulp in the test for different temperatures.
A decrease in apparent viscosity with an increase in shear rate confi rms the characteristic of "bacuri" pulp as a pseudoplastic fl uid. The greatest reduction in viscosity among the lowest shear rates probably indicates the initially small alignment of the pulp fi bers with the fl ow. In the highest shear rates, fi bers would be completely aligned with the fl ux, and an increase in the fl ow velocity would not have increased its infl uence. Decreases in viscosity with temperature increase can also be attributed to an increase in intermolecular distances provoked by heating, which reduces the forces of attraction between molecules, and an increase in the alignment of constituent molecules, therefore elevating its fl uidity. Figure 4 shows the effect of temperature on the apparent viscosity of the "bacuri" pulp with a constant shear rate described by the Arrhenius Equation.
The Arrhenius model provided a satisfactory description of the effect of temperature on the apparent viscosity of the "bacuri" pulp at a constant shear rate of 1.50 s -1 . The activation energy calculated for the "bacuri" pulp was -14.811 kJ/mol, with a determination coeffi cient (R 2 ) of 0.94 and a standard error of 0.08.
According to Haminiuk et al. (2005) , the higher the number of soluble solids, the lower the value of activation energy (E a ). This explains the low value of activation energy obtained, because "bacuri" pulp exhibits a high number of dissolved sugars (19.87 °Brix), see Table 1 .
According to Nagy, Chen and Shaw (1993) , fruit pulp presents a high quantity of insoluble particulate matter. For this reason, it presents a highly non-Newtonian behavior due to the disproportional difference between shear stress and shear rate values.
In general, its rheological behaviour shows that the pulp of "bacuri" is a highly consistent fl uid, and therefore it may face diffi culties in the industrialization process such as clogging sieves and fi lters, mixing without uniformity, diffi culty in drainage and pumping as well as high energy costs in operations involving the transfer of heat and mass. Figure 5 shows some of these particles derived from the tissue of the "bacuri" pulp by means of the cytochemical coloring with toluidine blue pigment. Figure 5A indicate the presence of lignifi ed wood vessels. This lignifi ed area may have been responsible for the presence of small seed particles that were dragged along with the pulp during depulping. The presence of pectin in the cell wall and middle lamella can be observed by means of the arrow shown in Figure 5B , where some cells show walls without ruptures while other cells present lack of structure due to the effect of the depulping screen, which caused a disruption in the cell walls of the "bacuri" pulp tissue during depulping ( Figure 5B) .
FIGURE 4 -TEMPERATURE EFFECT ON APPARENT VISCOSITY FITTED BY THE POWER LAW MODEL TO THE WHOLE "BACURI" PULP
Given the results of the physicochemical and cytochemical analyses, which revealed considerable amounts of pectin, hemicellulose, cellulose and lignin in "bacuri" pulp, and knowing that these substances are the main responsible for the high consistency of "bacuri" pulp, it becomes possible to hypothesize that the reduction of pulp consistency can be achieved by enzymatic maceration using commercial enzyme preparations with pectinolytic, hemicellulolytic and cellulolytic activities.
The application of "macerating" enzymes on "bacuri" pulp can reduce its consistency, and thus enable its use as a raw material in the manufacturing of other products such as nectars, placing them within the standards required by the Ministry of 
CONCLUSION
A total of 36 compounds were detected in the headspace of the "bacuri" pulp -34 of which were identifi ed. The major compounds were the following: linalool, cis-linalool, trans-linalool oxide, and hotrienol, respectively. "Bacuri" pulp has shown non-Newtonian behavior, due to the disproportional difference between shear stress and shear rate values. The fl uid exhibited a pseudoplastic characteristic due to the fact that the value of n was lower than the unit.
The rheological power law model better described the pseudoplastic behavior of the "bacuri" pulp, resulting in an adequate adjustment throughout the range of temperatures studied, showing satisfactory values for the determination coeffi cient (R²) and chi-square (χ²) values approaching zero.
"Bacuri" pulp showed a higher level of soluble solids, exhibiting negative activation energy of -14.811 kJ/mol and a large quantity of carbohydrates stained with toluidine blue.
According to the results of the chemical, physicochemical and chromatographic analyses, "bacuri" pulp is a proven and considerable source of nutrients, indicating that this pulp could be considered as a raw material of industrial interest for the production of nectar. However, the cytochemical and rheological analyses revealed that the high consistency of "bacuri" pulp could cause problems in the handling, processing and legislation in the industrialization process. Avaliou-se a polpa de bacuri com o objetivo de adquirir conhecimentos importantes para o avanço tecnológico dessa matéria-prima. Foram avaliados os compostos voláteis, o comportamento reológico e a estrutura citoquímica da polpa de bacuri, efetuando-se também sua caracterização físico-química. Investigou-se o efeito da temperatura sobre o comportamento reológico da polpa de bacuri por meio de medições reológicas efetuadas em Reômetro Brookfi eld (Modelo DV-II +), utilizando a faixa de taxa de cisalhamento de 0,25 a 1,50 s -1 , nas temperaturas de 30 a 70 °C. Dos 36 compostos voláteis da polpa de bacuri detectados no headspace, 34 foram identifi cados. Os compostos voláteis encontrados em maior quantidade foram: linalol, cis-linalol, óxido de trans-linalol, e hotrienol, respectivamente. Os dados experimentais da análise reológica foram ajustados por meio do modelo de lei de potência. A polpa de bacuri mostrou comportamento não newtoniano e apresentou o valor de energia de ativação de -14,03 kJ/mol na taxa de cisalhamento fi xa de 1,50 s -1 .
